ing in the chicken. In what way, then, do these birds respond to an acute osmotic load? Korr (IO) demonstrated in one chicken that a single injection of a hyperosmotic sodium chloride solution (about IZ mEq/kg body wt) caused a transient increase in glomerular filtration rate (GFR) followed by a decrease. He stated that no decrease occurred if the animal was well hydrated. In order to determine in more detail the effects of an osmotic load upon the glomerular and tubular functions of bird kidneys, the renal response of chickens to a sustained infusion of a hyperosmotic sodium chloride solution was investigated.
If changes in GFR occurred, I wished to determine whether these resulted from changes in filtration rate by al1 nephrons or, as in amphibians (6, I 7) and reptiles (2, 3, I I), from changes in the total number of functioning nephrons, For this purpose the tubular maxima (Tm) for the secretion of para-aminohippurate (PAH) and the reabsorption of glucose were studied. Birds have a renal portal system, and if PAH is infused through a leg vein, it appears earlier in urine from the ipsilateral than from the contralateral kidney (2 I). For this reason, a comparison was made of the effects of infusion through the renal portal system and infusion through the general venous system on the relationship between Tml,AI-I and GFR.
METHODS
Animals and operative procedures. Adult hens (Gallus domesticus) weighing 0.9-1.4 kg were used. 0.25 =t 0.007 ml/kg per min from each kidney) was produced by a constant intravenous infusion of 2.5 % rnannitol solution at 0.5 ml/kg per min. Clearances were determined separately for each kidney, All collection periods were IO min in length to reduce the effect of ureteral peristalsis on the measurement of urine flow (I 9). Blood samples of 0.6-0.8 ml were collected at the midpoint of each period. Preliminary experiments showed that removal of twice the total volume of blood collected in any experiment reported in this paper had no effect on GFR. TmG ratio usually greater than LO, the transport system for glucose was probably saturated throughout these studies. To avoid the possibility of in vitro interaction between PAH and glucose (I), PAH was not added to the 3 % glucose solution until just prior to infusion.
To study the effect of an osmotic load on renal function, IO Effect of 6% NaCI 'nf 2 usion on urine Jaw and glomerular and tubular functions. During the hyperosmotic saline infusion, the urine flow initially increased above the control level (Fig. 2) . The mean increase was about 45 % after zo mEq NaCl/kg had been given. Despite considerable variation, the mean flow remained above the control level until 40 mEq NaCl/kg had been given and then proceeded to decrease steadily as the infusion was continued. As long as the bird tolerated the infusion, urine flow continued, but the infusion was discontinued when the flow for a I o-min period fell to about 0.2 ml (about twice the dead space in the cannula and the minimum volume required for determination of osmolality without dilution).
This point usually occurred following the infusion of 40-50 mEq NaCl/kg. The glomerular filtration rate did not follow the pattern shown by the urine flow (Fig. 2) . The mean control value was I .23 & 0.04 ml/kg per min (SE on I 37 determinations).
After the birds had received 15 mEq NaCl/kg, the mean filtration rate was unchanged from the control level. As the infusion of NaCl continued, however, the GFR decreased, reaching a mean value of less than 40 % of the control after the infusion of 45-50 mEq NaCl/kg. This pattern of changes in urine flow and filtration rate is illustrated by the results from a representative experiment shown in Fig. 3 . In accord with the pattern of decreasing filtration rate in the presence of high urine flow, the inulin/plasma (U/P) ratio (Fig. 4) As both flow and filtration fell with continued hyperosmotic infusion, the inulin U/P approached the control level.
The total osmolality of the urine increased, but, in the presence of a severe osmotic diuresis, the tubular reabsorption of water did not. Thus, as can be seen from Fig. I , the urine-to-plasma osmolality ratio did not change significantly during most of the sodium chloride infusion.
After the infusion of 45-50 mEq NaCl/kg, when urine flow and filtration rate were very low, there was greater variation in urine osmolality and a tendency for some samples to equal or slightly exceed the plasma osmolality.
At this low flow, the tubular reabsorption of water increased despite the presence of a severe osmotic load. However, in only 3 periods (out of 210) during the hyperosmotic infusion did the osmolar urine-to-plasma ratio exceed I. 2. As might be expected during the infusion of a salt load, the mean percent of filtered sodium reabsorbed by the renal tubules decreased. Thus, as shown in Fig. 4 , the mean sodium clearance increased from about g % of that filtered to about 30 75, but there was a tendency for this to decrease again at the very lowest urine flows.
Intermittent nephron function.
It was first demonstrated by Ranges et al. (15) that the Tm for glucose could be studied to determine whether changes in GFR resulted from changes in filtration by each nephron or from changes in the number of functioning nephrons. If changes in GFR resulted from changes in the amount filtered by each nephron, but all continued to function, the Tm for glucose would not be expected to change. If, however, changes in GFR resulted from changes in the number of functioning nephrons, the Tm would be expected to vary directly with GFR. Studies on frogs (6, 17) showed that the Tm for PAH, a substance secreted by the tubules, varied with GFR in the same fashion as the Tm for glucose, a substance reabsorbed by the tubules. In the present study a comparison of variations in the Tm of both substances was made.
Houck (8) reported that in dogs high plasma glucose levels may suppress the maximal tubular transport of PAH by as much as 23%. In two chickens in which TmPAW could be measured at comparable glomerular filtration rates before and during glucose infusion, there was no evidence of significant depression of TmpAH (Table I) . In one case, TmpAH: even tended to increase slightly after the glucose infusion was begun.
The Tm for both PAH and glucose, whether given In Fig. 6 , TmpAH and TmG are plotted as percents of the control values against the quantity of sodium chloride infused. It can be seen, by comparing this figure with the corresponding plot for changes in GFR (Fig. 2) , that the mean decreases in TmG follow very closely the mean decreases in GFR. On the other hand, with small decreases in GFR, the mean decreases in TmpAH tend to be greater than those for Tm G+ When filtration reaches low levels, the mean percen tage d TmPAH approxima te each other.
.ecreases in TmG and

DISCUSSION
In the present study, a hyperosmotic sodium chloride infusion produced a marked decrease in glomerular filtration rate. This occurred early during the infusion despite a definite increase in urine flow. The decrease in filtration rate prior to a decrease in urine flow cannot be the result of dead space errors. With a falling inulin U/P ratio, any dead space error would only have tended to reduce the apparent rate at which GFR decreased. The initial increase in urine flow would appear best explained by the effect of a hyperosmotic sodium chloride load on the tubular reabsorption of ions and water. These findings differ from those of Korr (I o)* He stated that following an acute infusion of about I 2 mEq NaCl/kg in one chicken the GFR doubled and then fell steadily. Urine flow paralleled GFR. However, his data show that the GFR and urine flow were increasing rapidly before the salt load was given, and it is difficult to interpret the effect of the experimental procedure.
As pointed out by Kerr, dead space errors might have been responsible for rapid changes in GFR with his collection procedures.
If the increase in GFR was real, it probably resulted from the sudden expansion of the intravascular volume by the addition of an exogenous fluid load. In the present study, increases in filtration rate did occur initially in some animals, but the mean value for all animals showed no increase, It appears probable that limitation of intravascular volume expansion by continuing' the sodium chloride infusion at the same rate as the mannitol infusion tended to prevent initial increases in filtration rate. Several preliminary experiments with sustained infusions of synthetic arginine vasotocin in an attempt to mimic a continuous release (total dose: 5,ooo-9,500 mU) showed no consistent depression of filtration rate. These doses greatly exceeded the amount contained in the chicken neurohypophysis (about 4oo xnU) (I 3). These results, together with those of Skadhauge (I g), thus make it unlikely that the avian glomerular filtration rate is controlled primarily by arginine vasotocin. The evidence from the studies of Tm for glucose and PAH tends to support the concept that changes in filtration rate in chickens, like those in amphibians (6, I 7) and reptiles (2, 3, I I), result from changes in the number of functioning nephrons. Although it is possible that all nephrons may continue to function and that the changes in Tm and GFR result from a marked reduction in filtration in some of the nephrons and a drastic redistribution of flow throughout the nephron population, this appears to be a more complicated explanation of the data. Therefore, in the rest of the discussion, I shall assume that the simpler, classical concept of Ranges et al. (15) In the present study this does occur. The tubular cells of avian nephrons have a dual blood supply, derived in part from the renal portal system and in part from the postglomerular arterioles.
The venous blood from the former and the arterial blood from the latter are mixed in the peritubular capillaries.
A valvular arrangement (20, 2 I) determines the extent to which venous return from the legs enters or bypass& the renal portal system. A decrease in glomerular filtration rate with rising blood osmolality and sodium concentration probably results from a decrease in blood supply to the nephrons.
When this occurs, the blood supply to the tubules could decrease more rapidly than the blood supply to the glomeruli if some of the returning venous blood bypassed the renal portal system. In this case, the maximum tubular transport of PAH might be reduced more rapidly than the glomerular filtration rate. Such a reduction could result from the direct effect of a reduced (12) suggested that glomerular filtration may be controlled by the reabsorption of sodium. It is possible, in the present study, that diminished sodium reabsorption during the sodium chloride load could have led to an increase in intraluminal pressure and a net decrease in filtration pressure. It is also possible that decreasing sodium reabsorption could have influenced the transport of glucose and PAH. However, although the mean value for sodium reabsorption decreased during the sodium chloride infusion, there was no decrease in a few animals and a slight increase in one animal. This occurred despite marked decreases in GFR, TmpAH, and TmG in these animals. Thus, it appears unlikely that a decrease in tubular reabsorption of sodium could be solely responsible for the observed changes in GFR and tubular transport of glucose and PAH.
Of what imfiortance to birds are thg obserued changes in renal function? Kerr's work (IO) and the present study showed that chickens tolerate increases in plasma osmolality poorly. If blood osmolality was increased too rapidly or a hyperosmotic infusion continued beyond the point where the urine flow became low (about 0.02 ml/kg per min), the animals died. This occurred despite some increase in intravascular volume produced by a hyperosmotic infusion.
It appears that, when subjected to severe dehydration or a salt load, the domestic fowl must prevent or slow the resulting rise in blood osmolality. This could be accomplished by the production of hyperosmotic urine, the reduction of glomerular filtration rate, or the extrarenal excretion of ions. However, the domestic fowl has never been observed to produce by reducing the number of functioning nephrons and conserving water at the expense of excreting waste. Kerr (I o) observed a 50 % decrease in filtration rate in one chicken dehydrated for 48 hr. And Hughes 0 even found that gulls, birds with actively functioning salt glands, showed some decrease in filtra-
